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Process for ™- 0167188 
copolymers and to -*\ " U " 5 « -"hane-acryiate 

graft- 

= inKs. a** reUted application" ^""^ P ""^ 

coated like solvert has./. . , 41,6 ar «cle to be 

- «« other i ::z :r s „: n ? rethan - - — 

motive c 0npos , tions . . eJOpeQ ' " hl oh are in essence r- 

-ts and L;I n ° ; IIZ'ZT 11 * ftee ° f vo1 "^ — 

-ring process to ^p^"^ ^ 
„ like ^ ™-tura t ea polyestL C ° atiD9 . 

- th ? amicus en^L 3 1 

became better understood and also «, evaporated 

vents increased, these Pri ° e ° f sol- 

?n raese systems met with i^v.. . 

20 Zn response, those skiUea \ 1 

to aevelop coating system „nerei r ^e „ . *" 
compounds mentioned before Is avoL . °" har " n£ ' 11 

*1 system are tte *». the most success- 

only a small Jn^,rT™ aiSPmi0nS - — 
" types in I! 127^" S ° lTCnt " aU " 

-thane based dispersions. AcrylatL a "eT "* 
9ood adhesion on a great vari^ « ™ t0 have 

fathering resistance dep^ nl Z T"^' " ~» 
good resistance to chemical. ! ! composition also a 

30 i» raw mterials an fa 0 1 * fltol " 1 »' • 9~t variety 

binders. * *** c ™P a tibili ty „ ith various co . 

drawbacks of the acrvl.*.. 
ther low solids content i» ! *f lates « e £ °r example a ra- 
the viscosity cordon .T " i0n ln «« <* 
35 ^ ^ a ^'r ^ to the physically 
blocking problems ^'^^ »t«. which may induce 
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The urethanes are well-known because of their 
good mechanical resistance (abrasion, mar, scratch,, elas- 
ticity/tensile strength, less thermoplastic behaviour than 
the acrylates, a higher solvent resistance and in the case 
5 of two component systems, a higher solids content at lower 
viscosities in application formulas. 

„ + k AS draWbECkS Can be ^ntioned a poorer resistance 
tc weathering (yellowing by UV, , hydrolysis and alkaline 
attack. Urethanes generally are more expensive than 
10 acrylates are. 

Although many activities were unfolded in the 
fie.c of urethane-acrylate combinations such as the 2- 
component and UV-curing systems in view of possible synergetic 
effects (combining advantages and concurrently reducina 

15 the drawbacks,, in these systems still disadvantages as 
solvent emission, limited potlife and the presence of harm- 
ful or toxic reactive diluents remain. 

Physical combinations of aqueous or colloidal 
dispersions of both types often will result in unstable 

20 formulas. 

Objective of the present invention is to provide 
a process for preparing storage stable, gel free, one com- 
ponent aqueous dispersions of urethane-acrylate graftcopoly- 
mers (or related reticulate polymers) comina up to the out- 
standing properties of the 2-component systems, free of toxic 
volatile compounds, which can be used in coatings, printing 
inks and related applications. 

The process according to the invention is there- 
fore characterized in that 

a. a polymerizable acrylate, containing at least 
one active hydrogen atom, is converted with a diisocyanate 
"to an essentially monoacrylated diisocyanate adduct, 

b. the thus obtained adduct together with other 
polyisocyanates is converted with an organic compound, con- 

35 taining at least one active hydrogen atom and one organic 
compound containing at l east one active hydrogen atom ^ 
a group, which is capable to form a salt group, 

c the thus obtained prepolymer is neutralized 
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and is dispersed (B J " " 0167188 

addition 2< * by the 

Aspersion of urethane-aeryiate 3 raf tccP^er 

^ y.iate graf tcopolymers has four steps. 

.«*»t is prep^d "~««UY • ^no-acryiated 

with a hydroxy-acrvlat-o - dusocyanate 

used. ^ererably no catalyst is 

Prepared J^^T^ ^ ^ 
in the first step alsl in aT""' ' W ^ 

» other poiyisoey * * stZgTS? 

additional a, a< .u »«i:ing of the excess and/or 

reacted ~ "™ P°l y is~ya„.te, is 

such as p^s 1 I 096 " COntain1 " 9 C °"~< 

u preferably 1.6:1 to 2 t.i 

rature of about 50-i3non ' ' 1 ' at a tera P e - 

Ut 50 ~ 1 30 C, preferably 80-95» C Tho eal *. 

30 „, ° btain stable Aspersions. 

the ta ow„ cat^tTs::: T' My - "» «* 

sts / sucn as an amino r^**- 

compound, usual i v . M ° rgan ° meta l 

i- Present I J2 * C " aly "- " Present, 

effective a,! . 1^:™"" " ^ 

35 synthesis, preferabl! 7 "* ° Ut 0,6 nreth «e 

. preferably from 0 .001 to 0,1 «, by „ el „ 

«-» -ep" yZ^pa^tr '"V" ^ ™* — 

with Pol^ri^e'co^as S.^.r*' * ^ 

' iJJCe a °*ylate monomers, in 
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order to reduce the viscosity. 0167188 

For further handling a prepolymer viscosity of 
about 10- 10.000 xnPa.s is preferred to achieve a S ZT2 
sion polarization as to he described in Zl fj^^ 1 ' 
5 Thereafter the pre P ol yi n e r is converted in a a I T' 

— of . neutra li2 in g agen t, preferably a ± ^ " 
a a neu, rali2ation percentage , f ^ ^^^J 

lent base. The neutralization is carried out directlv L ,h 

prepolyir^ f ollfMia< , u ^. airectly in the 

10 «isperL" 0 he ! *" ° r the 

Persic .. o. the prepolymer In a solution of the neutra- 
lization agent in water. Mediate!, thereafter th chaL 
occurs according to conventional procedures Z 

Z to be " sed ray be dGfi ^ - ^* mTo- 

9« -to™ containing compounds having at least on. acLve 

Sr 3 " "~ * 1Ch 15 """" "CO-crouns lan 

nth wate--, preferably primarv and seconda™ „ 

Also ammc-r.ia -ay be used. ' org Mlc amines. 

th. . eqUiValent ra "° ""ween the NCO-groups in 

the mono-acrylated urethane prepolymer and the active hvdl 

Z /*? ^ *• ehal " eXtender Sh ° U " be ^ In 

Shoo d h ' aCryl " ea UrethSne P01 ^ aispersion! 

shoulo h,ve a solids content of about 20-80 %, bv weight 
preferably 30-40 %, by weight. **' 

" disperse- l" T. fOUrth ^ ~»°-^l«ed urethane 

reLtV 10,1 "«»■«*-«« „ lt h achate and/or 

reiated monomers, to yield . stable ure^lLvlate £ 

30 LLi T""' ° h ° 1Ce ° f "» £OUdS ratl ° b «weZ the 
30 acrylate an the urethane part in this emiodi^ent is 

arbitrary, for instance ranging from 95 = 5 to 5:95. 

£inal copt>1 i"° er dispersion should have a 

solids content of 30-7n * k . , 

, . t ™ 31 70 «' *>y "eight, preferably 40 % bv 

"eight. =he emulsion polymerization ..„*„■ 
35 accor*(„- „. k . iymerization techniques to be used 
according to the invention are also well Known techniques 
wherea* a.e emulsion polymerisation is carried out^ L er 
without assure and „ an ^ or not ^ 

For the case of description of the subject of 
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. 5 - 0167188 
but are"'"! lnVenti °" "°" el "> llfi ""°- been „ade. 

hydrogens include hydrogen at oms attached "/oxygen ni 
ro n o sulfur compQunds y - 

those ha;ing at least one of these groups : _ _ 



Finally for the active hydrogen containing poly^erizable 

I lnyl C ° mpOUnds is (but not l imited L) a hydroxv " 

functional ( me th) acrylate. hydroxy- 

acrylated diL^ 'J™ S ^ Cti ^ «"-»o- 

20 thereto it is yana , 18 ° btained - Alth ° Ugh n0t 

Phatic ; iiso aCCOrd±n9 ^ ±nVenti0n fro, ali- 

In coat S±nCe C ° mpOUnds ^tter 

: t ir:;:i r ositions in - 

yanate (ipdi, and 2-hydroxy-ethyl methacrylate (2-HEMA) 
showed no free hydroxy _ acrylate ^ ? < 

total !Z T d diiS ° Cyanate ' *«™ less than 5, of the 
total amount of acrylated diisocyanates : 

CH3 1hT NC ° ? H3 

(H| + HO-CH2-CH2-0-C-C=CH2 

CH3^\CH2-NCO II 



O 



35 CH3W "CO 

CH3K CH2- N H-C-0-CH2-CH2-0-c4=CH2 
0 o 
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CH3j " 
H 



5% ""VX P 3 



CH3 



CH3 



X 



-NH-C-O-CH2-CH2-0-C-C=CH2 

II 

0 

CH3 

CH2«NH-C-0-CH2-CH2»0-C-C=CH2 
11 it 

o 0 



10 0,5 s»3 was STT . »=■ 
calif \ °" ly " low temperatures and low 

=«alyst concentrations mono-acrylated diisocyanates can be 
-a. accord to the invention Lpri in g" \ 

is ^ ::::: livity is — • ~- 

15 that f Pat6nt 3pplication mentioned was stated 

altv 7 " ° f n ° n0 - aC ^ la ^ diisocyanates can be 

a "^ ^ diiS ° CyanateS «• showing d ifferent 

reactivities between NCO-groups, the so called "asymmetrical" 
diisocyanates like IPDI. symmetrical 

20 

5f „„. , COTtriu T to this statement the inventors surpri- 
sing also succeeded in making mono-acrylated diisocyanlls 

TT-IZT T by 0,6 present procedure! «« ™ 

from "! "*<**«»Yl*» aiisocynate) , available 

from Bayer under the trademark Desmodur and 2 - HEM* 

» an adduct was made free f rom monomeric 2 - HEMA and confi- 
ning no more than ,0, of the dlacrylated compound on the 
total amount of acrylated diisocyanates. 

„,.„, , J* liSht ° £ 0,6 eTOls l°n polymerization in 

30 di 7 PreSent Pr °° SSS ' lo » -"ent o, 

30 di-acrylated diisocyanates is necessary in order to avoid 

as many as possible crosslinks reactions during the poly- 
mer, t reactlon _ as wu ^ ^ avQid ^j, J_ y 

t ; e6 t eCa ° Se ° £ "1 «« *ue to the mentioned 

crosslinking reactions. 

" „<< BaSed ° n tte obt ataen results a wide variety of 

diisocyanates may be used. variety of 

.aa . ^ ^ respeot it should be noted that in the 

aoduct preparation according .to the invention prefer" 
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=yL s ::e y r"r 1 r ouid be usea - in ^ - ° £ 

f £lMUv Polyurethane chains are formed with random 

vinyl groU ps. which may cause geUing because of the cro^s 

5 the r 9 t r aCti ° nS ^ ^ emUlSlM P°^"«tion step If 
the^rethane chains contain ,ore than two vln y l gro ^ £ 

KCO reactive g roup liXe h y dro Xy acr yl ates. the mono'crnic 

ent 1,0. 933,6671, or the mono-esters of 2-nethvl 
propylene g i y eol Japanese Patent „o. ,„, 58/049,339 o 

o n "" n h a V 0mP0UndS "° n0 ta « h ' — U id ster 

of a tr lhy dric alcohol as 2,3-dih y drox y pro Py iacr y late ,u S 

-ce polyurethane chai!s ^IS^r^ST' 1 -*- 

20 °t" ribUtea ^ »avin g the above-mentioned dis- 

aavanta g es of an increased chance of g ellatior. due to «o..- 
linkins reactions in the emulsion polymerization 
and third ■ fU " CtiOTaUtv ° £ «» «*«ants in the second 

'5 "l^tld Vel1 " imP ° rtant £ ° r "» P«P-ties of the 

stances -11 J * ° °"' tn f 1 !-' "»ost in- 

iHne ale" V 9 " 0t " e aiS * e « ibl * «= all. However, 

if the average functionality is reduced by using onlv di- 

till, * ln aaai " 0n 0,6 rea « io " Editions are 

» having A1S ° " elttens *°n step a chain extender, 

Probl T a9e £UnCtiOTalitv <* greater than 2.0 wouW 
probably „el such a hi g h molecular weight product if used 
ih « stoichiometric amount with the unLoted Nra'groupe L 
the acrylated urethane prepolymer. Reducing the averse 
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functionality e.g. via introducing monofunctional compounds 
(to a value * 2.0) gelling can probably be avoided. 

The chain extenders are preferably water-soluble 
although water-dispersible materials may be used. Water- 
soluble chain extenders are preferred because if the pre- 
polymer is only marginally dispersible, a water-soluble chain 
extender will enhance the water-dispersibility of the final 
acrylated urethane polymer. 

The structure of the extended prepolymer, ob- 
tained in step 3., can possess one or two ethylenically un- 
saturated groups dependent on the reaction conditions, for 
example when starting from: 

- a diisocyanate : OCK - R - NCO 

- a chain extender : h 2 N - R 2 - NH 2 

- a hydroxymethacrylate: CK 2 = c - £ - o - R 3 - 0 H 

CH 3 

the structure may be as follows: 

° 0 o CH. 

1 . H 2 N-R 2 -NH-C-NK-R r NH-C-[Uj n -0-R 3 -0-C-C=CH 2 

O 0 CH 3 

2. H 2 K-R r NB-C-[bJ n -0-R 3 -0-C-C =CH 2 

? H 3 ° 0 O 0 CH 3 

3. CH 2 =C -C-0-R 3 -0-C-NH-R 1 -NH-C-[u] n -0-R 3 -0-C-C =CH 2 

where : 

U = a repeating unit consisting of reaction products of the 

diisocyanate with the chain extender or other active 
hydrogens containing compounds being present during the 
prepolymer preparation, 
n = the degree of polyaddition of the urethane polymer, being 

equal to zero, unity or a whole number greater than unity. 

1 = a mono-acrylated urethane polymer, terminated by a chain 

extender . 

2 - a mono-acrylated urethane polymer, but terminated by the 

reaction of NCO with water, yielding an amine group. 

3 « a diacrylated urethane polymer. 

Prom the mono-acrylated urethane polymers urethane- 
acrylate graftcopolymers may be formed during the emulsion 



- 9 - 

01 671 88 



25 



30 



35 



polymerization (step 4), from tte diacrylated uretha, 

urethan-acrylate reticulate copolymers ^ 

Powers ^T^L^T ^ di3Crylated Urethane 
^ K4 ^. expected to be present in practice . 

5 bination of both tVDes nf P™«ce, a com- 

Di««;T P ° 1PerS WU1 result ^ step 4 

or tne Invention, can be an essential s t.n k * 
carrying out the elision polymerization . * 

result i„ StllT ^ * ^procedure My 

stable aLunt of 9 ^l 0 Mso 1SPerSl ° nS ' """""^ " ^ 
. • . 1 9ei - Als ° recommendable in this 

the introduction cf a small amount of e^lsifL " f 
to be added to the water phase before "1 ! prefe "^ 
> the acrylated ur«th. n » starting dispersing 

ated urethane prepolymer into the water phase. 

extension and le ^!" *" V"" ^ «"'~» *• ' 

Processing ^^^JST*™*"- »* the 

as sodium lau^yl sulphate T f M1 ° niC emulsifie «- «* 

or combinations J T^li Tl "o^c types 

01 anio »io and non-ionic types do. 

a smooth T"" 9 *° ^ inVentiM i- 

aispersionslX a d y e ylelai r ^ 

«... 1„ the form ^Tr^ ^ 

mers) ■ over 9d» „, nd reti ="late copoly- 

coupled 21 aCryUte , ° 0n0mer ■ , a K> e «<* to be 

erne!!, aCryl " ed " rethl,ra ^lymer. ■» rafting 

subjected to I 24 1 °°' > ° 1 ^«' «-"! obtained, were 
isoprc^ohj: " ettra0ti ° n ^^rofuran or 

of vinyl terlir t T nCe COTSiStin * ° f • P^ica! blend 

aorylate poll" , ™ *^*™> and an 

as t'graf ^ coooT erSi ° n Kith ^ ° Vera " -»P-"io„ 

cycle. P ° lymer KaS completely during this 

essentially ^^ai^'J"-^ - " 

- obtain a high graftlng ^^L^Z 
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urethane chains. First making a urethane prepolymer and then 
coupling to a hydroxy-acrylate monomer (or related NCO re- 
active monomers) appeared to be less effective. Possibly one 
may use a suitable adduct, which is not prepared in situ. 

Since a urethane prepolymer usually contains mono- 
mers diisocyanates - for instance when starting from a nco-oh 
equivalent ratio of 2:1, a f ree diisocyanate content up to 7% 
by weight, based on prepolymer, was found - coupling thereof ' 
with hydroxy-acrylates will possibly result in a preferred 
reaction between the free diisocyanate, which shows a higher 
reactivity. So either the hydroxy-acrylate monomer is coupled 
to the free NCO-groups of the urethane prepolymer or to the 
free diisocyanates, in which case the NCOrOH equivalent ratio 
is very unfavourable: diacrylated diisocyanate may be formed 
to a larger extent, which can not be incorporated into the 
urethane chain in the extension step. 

In addition these low molecular weight compounds 
will promote crosslinking reactions during the emulsion poly- 
merization because of their bifunctional unsaturate . Besides 
20 these compounds will detract the film formation. 

Testing the procedure, where the hydroxy-acrylate 
monomer is added to the urethane prepolymer, in a reference 
sample, however, neither gellation tendencies nor a higher gel 
content was found, but the grafting efficiency appeared to be 
poor : less than about 50% of the acrylate monomers was coupled 
to the acrylated urethane chain. 

Also the film formation of this dispersion was 

poor. 

The graft and reticulate copolymers, prepared by 
the process of the invention, show a good storage stability 
(tested under various conditions) , an excellent resistance 
to hydrolysis in alkaline medium and a good water and solvent 
repellancy. 

Polymerizable vinyl compounds having a single 
reactive hydrogen atom (defined according to the Zerewitinof f 
test), useful in the process of the present invention, are 
well-known to those, skilled in the art. Illustrative for 
these compounds one can name hydroxy-functional acrylates, 
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defined by the formula 0167188 

0 

CH 2 =C-C-0-R-0H, 
^cryxate and the like, primary and secondary amine „ 

io ;::: a ir acryiate and ~™ - ~ °" p 



CH 2 = c - C - 0 - R - n - R. 



1 
X 



hovxng 2 to 6 carbon atoms, R 2 is hydrogeilf ^ * 

higher alkyl group, and the like. 

15 • The P ol y isoc yanates useful in the process of ^ 

b ; aiiphatic - ^zi:\t 

mixtures thereof. Aliphatic c. q . cycloallphatic polyisocva- 
nates are preferred because of a better UV./weatherLg 
^ resistance in the final application. 

also hi,* adaitiOT ' *"=«=yanates are preferred although 

also higher polyisocyanates can be used in place of or in 
coition with dilsocyanates and/or mono! ocyanats to 
achieve an average functionality of 2 in view of possible 

2s ::Lr p e lens *" prewins ~- - 

h„„, . B,MPlM ° £ Buit ^le monisocyanates are cvclo- 
hesyl isocyanate. phenylisocyanate, toluene isocyanate Lo- 
cyanate-ethylnethacrylate and ^-^y^ZZ^Uyl 

diisocyanate (HDI) , isophoronedlisocyanate UP DI) , , 1 
-thyle»e-ble-,cyclohe*ylene diisocyanate,, 

as ^rr^yTtr rrr r* tte 

isocyanate, l ,4-phenylene diisocyanate, 4,4'- 
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-diphenylme thane diisocyanate, meta or para tetramethylxyiene 
diisocyanates. *yxene 

Examples of suitable higher polyisocyanates are 
2,4 6-triisocyanate toluene, 4 , 4 • , 4 • • -triisocyanate triphenvl 
-thane, 1 ,2 ,4-benzene triisocyanate, biurets of the diLo 
cyanates and the like. 

The active hydrogen atoms containing organic com- 
pounds, defined according to the Zerewitinoff test, suitable 
xn the process of the present invention can be aliphatic 
cycloaliphatic, aromatic or mixtures thereof. Functional' 
croups according to the Zerewitinoff test are -OK, -SH, - KK 

The average functionality is, as mentioned before 
^portant in controlling the tendency of the polymer to gel ' 
ana should be adjusted to a value of 2, when usina higher * 
-unctional compounds, by monofunctional ones. Examples of 
suitable compounds include polyols, polyamines, amino alcohols 
mercapto terminated derivatives, and the like. The polyols ' 

™ T th l PXOCeSS ° f this nation have an average molecula 
wexght from 60 to 6,000, preferably 2 hydroxyl groups and a 
hyaroxyl number of about 20 to 1,000 mg KOH/g . 

Illustrative of such polyols are: 

1. aliphatic diols such as ethylene glycol, propane diol, 
neopentyl glycol, butane diol, hexane diol and the bivalent 
alcohols with 1,2-alkylene oxide, like ethylene oxide and 
propylene oxide. 

2. cycloaliphatic diols, like 1 ,4-cyclohexane diol, and 4,4'- 
-aihydroxy cyclohexyl 2,2-propane. 

3. araliphatic bivalent alcohols, containing 1 to 2 etheroxv 
atoms like bis (ethoxylated) Bisphenol A and bis <pro- 
poxylated) Bisphenol A. 

4. polyether diols, like polyethylene oxide diols, poly- 
ethylene oxide propylene oxide diols, polypropylene oxide 
fiiols and polytetramethylene oxide diols. 

5- polyester diols from the alcohols, mentioned under 1, 2 
and 3 and polycarboxylic (preferably dicarboxylic) acids 
and anhydrides thereof, like maiei c acid , 
mesaconic acid, citraconic acid, itaconic acid, glutaric 
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acid, adipic acid, isophtalic acid and terephtalic acid 
6. polyols, based on polycarbonates and polycaprolactones 

As suitable polyamines one can mention for in- 
stance ethylene divine, 1 ,2- P ropylene diamine, 1,8-methane 
diamine, isophorone diamine, propane 2,2-cyclohexylamine 
N,N'-dimethyl-o- P henylene diamine, N,N'-di-p-tolyl-m- ' 
-phenylene diamine, p-aminodiphenylamine . 

Suitable amino-alcohols and mercapto terminated 

10 TlT^V e ' 9 * n, ° n0ethanolami ^' 2-hydroxypropylamine, 
N,N-bis (3-aminopropyl) ethanolamine, P -ami nop henol , 6 -mer- 
capto ethanol and the like. 

The acrylated urethane prepolymer also contain- 
salt groups, such as acid salt groups, which can be selected 
from the class consisting of OSC^, - 0P0 = COO", SCO", 
15 POO and P0 3 ". " 

The prepolymer can be prepared from reactants con- 
taining the salt group, or as is more normally the case, the 
free acid groups, which can be subsequently neutralized after 
prepolymer formation. 

Suitable materials for introducing acid groups, 
when preparing the prepolymer, are organic compounds having 
at least one active hydrogen atom and at least one group 
capable of salt formation. Specific examples of these com- 
pounds are hydroxy, aminohydroxy , amino and mere ap toe arboxy lie 
acids, sulphonic acids, hydroxy and amino sulphonic acids 
such as dimethylol propionic acid, oxaluric acid, anilido 
acetic acid, hydroxyethyl propionic acid, dihydroxy maleic 
acid, dihydroxy tartaric acid, 2,6-dihydroxybenzoic acid, 
glycollic acid, thioglycollic acid, glycine, alpha alanine, 
6-amino cap^oic acid. 2-hydroxyethane sulphonic acid, 4,6- 
-diamino benzene, 1 ,3-disulphonic acid, 2-amino diphenylamino 
sulphonic acid, and the like. 

Suitable salt forming agents for acid groups con- 
taining compounds include inorganic and organic bases such as 
sodium hydroxides, potassium hydroxide, ammonia and tertiary 
amines . 

Suitable chain extenders having at least one 
hydrogen atom more reactive with NCO-groups than water are 
for instance ammonia, primary and secondary amines, preferably 
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diamines, and certain organic polyols, preferably lio^s! 8 8 
Sxarplary for these compounds are hydrazine, substituted 
hydrazines, e.g. dimethylhydrazine , 1 ,6-hexamethylene bis- 
hydrazine, hydrazides of dicarboxylic and disulphonic acids 
reaction products of hydrazine with lactones and glycols, 
ethylene diamine, hexamethylene diamine, isophorone diamine 
sianinpphenyi methane, ethylene glycol, di-, tri- and tetra- 
etnylene glycol, propane 1,2-diol, propane 1,3-diol, neo- 
pentyl glycol. Also amino-alcohols and water may be used. 

During the preparation of the acrylated urethane 
prepolymer one can have present any of the known catalysts, 
such as amines and organometal compounds for the urethane reaction 
These catalysts are well-known and include triethylene diamine 
-.orp-ionne, N-ethyl-morpholine, piperazme, triethanolamine 
tr-ethylamine, dibutyltin dilaurate, stannous octoate, di- 
oczyltir. diacetate, lead octoate, stannous oleate, stannous 
rallate, dibutyltin oxide, and the like. 

The acrylated (i.e. acryl terminated) aqueous 
polyurethane dispersions, finally obtained via the route and 
based on the ingredients described before, are subjected to 
an emulsion polymerization. 

The procedures, used to prepare the emulsion poly- 
mers are well-known in the art and generally involve admixing 
under rapid stirring the comonomer charge with water, sur- 
factants, or emulsifying agents, a polymerization catalyst 
or initiator and eventually a chain transfer agent. 

The mixture is then heated to polymerization 
temperature for the time required to substantially complete 
the emulsion polymer formation. 

The polymerization can be carried out in equip- 
ment heretofore employed for emulsion polymerization whether 
or not under pressure, usually in an atmosphere of N co 2 , 
inert gas and the like. 

Many variations of the general preparative proce- 
dure are used to obtain for example lower viscosity, high 
solids content, improved freeze-thaw stability, etc. 

The variations include for example the use of the 
pre-emulsion technique in which the monomer charge is first 
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blamed in water using a surfactant and then this pre 
«ul.io„ is added to the reaction mixture, which contains «, 
rema lnlng reactants. This procedure is the so-calied "f"7 
addition" system. A variant in this procedure may consist 
5 therein, that a part of the monomer is seeded to start th 
reaction, after a certain reaction period followed by thT 
feed-addition. y ne 

is effected T ^ °* at *» the P^erization of the monomers 
is effected by the free radical catalysts (free radical 
10 formers or free radical forming system,, o£ which the half 
life tune is dependent on the temperature. 

active o „ S ° me Well - kn ° Wn cat *lysts for example become 

tlTC ° r deCOT *°- «t the temperature used durinc the poly- 
«.erx»tio» (thermal decomposition), others - especially those 
15 av ing a rather lon g half l ife ti« - are activated 

o. a reducing agent (chemical decomposition) which, in the 
absence of oxygen, immediately produces free radicals. These 
redox couples can be used in feed-addition systems bv addIL 
the catalyst to the reaction mixture, being present In the " 

IZ Z ^ feSdin9 ^ ***** ^-Itaneously 

with the (whether or not P re-emulsif led) monomer blend to 

achieve a better control of the polymerization reaction. 

Other redox systems are based on free radical 

catalysts in combination with an, eventually chelatable 

alt dv ed tT 9 T nt ' WhiCh SffeCt ^^^-tion reaction 
already at low temperatures. These systems usually show a 

reaction exotherm even up to 70 - C or more, during which the 
polymerization is almost completed. 

Generally, temperatures used durina the poly- 

IT ^ " ffiC±ent t0 e " e0t P°^-i 2 atioI by 
activation of the catalyst and double bonds of the monomers. 

These temperatures should not be too high to cause a run-away 
reactxon and not too low to retard polymerization. 

In general redox systems perform well at tempe- 
ratures already from 10°C and feed-addition systems at tem- 
peratures from 50°C to about 110°c. 

When applying these emulsion polymerization 

aoutlTV* inVenti ° n (Ste * «' the ac ^ed 

aqueous polyurethane dispersion is introduced into the 
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reactor phase. 

The pre-emulsif ied monomers, if present, being 
present in the urethane dispersion, can be considered as 
the seeded part of the monomer feed when applying the 
5 seeding/feeding technique. During the emulsion polymeri- 
zation reaction the acrylated aqueous polyurethane dis- 
persion surprisingly appears to function as a conventional 
monomer: extraction tests, carried out as described before, 
indicate that this compound for the greater part is incor- 

10 porated in the growing acrylate polymer chain. 

The polymerizable vinyl monomers, useful in the 
process of the invention, can be nitrile like acrylonitrile , 
methacrylonitrile; an amide like acrylamide, me thacryl amide, 
n-methylolacrylamide, ethacrylamide ; an acrylate like methyl - 

15 acrylate, ethylacrylate , butylacrylate , 2 -ethyl hexylacrylate ; 
an alkyl acrylate like methyl methacrylate, ethyl methacrylate , 
butyl methacrylate? an acid like acrylic acid, methacrylic 
acid, maleic acid, malonic acid, itaconic acid; an aromatic 
like styrene, vinyl toluene, a-methyl styrene, methyl vinyl 

20 toluene; a pyridine like 2- or 4~vinyl pyridine, 2-methyl-5- 
-pyridine and 5 -ethyl- 2 -vinyl pyridine, and the like and 
mixtures thereof. 

It is known that the introduction of small quan- 
tities of multifunctional acrylate monomer into the copolymer 

25 sometimes improves the properties of coatings resins. Exam- 
plary preferred multifunctional acrylate compounds include 
ethylene glycol diacrylate, glycerol diacrylate, 1 ,4-cyclo- 
hexane-diol -diacrylate, 1 f 4-benzene-diol dimethacrylate , 
pentaerythritol triacrylate and the like and mixtures there- 

30 of. See for both types of monomers also "Polymer Handbook" 
second edition, published by John Wiley & Sons, New York, 
19 74, pages 11-105 and 11-387. 

Suitable free radical catalysts are ammonium, 
sodium and potassium persulphate, bis (2-ethylhexyl) peroxy- 

35 dicarbonate, di-n butyl peroxy-dicarbonate , t-butyl perpi- 

valate, t-butyl hydroperoxide, cumene hydroperoxide, dibenzoyl 
peroxide , dilauroyl peroxide, 2 f 2 f -azo-bis isobutyronitrile, 
2,2*-azobis-2-raethylbutyronitrile and the like and mixtures 
of the same. See also the free radical catalysts as described 
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in p.e. "Polymer Handbook", mentioned before, and in the 
Encyclopedia of Polymer Science and Technology", mter- 
science Publishers, a division of John Wiley & Sons, Inc., 
New York, Vol. 2 (1965), Vol. 3 (1965), Vol. 7 (1967) and' 
Vol. 9 (1968). 

Suitable reducing agents, most commonly used, 
are for example ascorbic acid, sodium sulphoxylate formal- 
dehyde, thiosulphates, bisulphates, hydrosulphates , water- 
soluble amines, such as diethylene triamine, triethylene 
tetramine, and tetraethylene pentamine, and reducing salts 
as the sulphates of metals, which are capable of existing 
in more than one valence state like cobalt, iron, nickel, 
copper , etc . 

From the many types of chain transfer agents or 
modifiers been proposed, it is preferred to .use the alkyl 
and/ or aralkyl mercaptans having from 8 to 18 carbon atoms, 
such as n-octyl mercaptan, t-dodecyl mercaptan and so forth 
and mixtures thereof. 

Emulsifiers such as soaps, surfactants or dis- 
persing agents, being useful in the process of the invention, 
are used in amounts sufficient to obtain a stable aqueous 
dispersion of the water and the monomers together with the 
dispersed acrylated urethane polymer and can be of the 
anionic or non- ionic types, commonly employed, as well as 
mixtures thereof. Generally, the anionic types perform better 
than the non-ionic types do. 

Examples of the anionic types are potassium 
laurate, potassium stearate, potassium oleate, sodium dodecyl 
sulphate, sodium decyl sulphate, sodium rozinate and the like. 

Examples of the non-ionic types are ethylene oxide 
and propylene oxide condensates in general, e.g. straight and 
branched chain alkyl and alkylaryl polyethylene glycol and 
polypropylene glycolethers and thioethers. Also substances 
which are members of a homologous series of alkylphenoxypoly 
(ethyleneoxy) ethanols and the liJce approved to be suitable. 

See also "McCutcheon • s Detergents & Emulsifiers", 
1974, North American Edition, published by McCutcheon «s 
Division, Allured Publishing Corporation, New Jersey. 
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The process of the invention is illustrated in 
more detail by means of the following examples, however, 
without any limitation thereto. 

Unless otherwise noted all amounts are indicated 

5 in parts by weight. 

The given equivalent data are gram-equivalents. 

EXAMPLE I (Comparative example) 

This example concerns the preparation of an 

10 aqueous dispersion of an acrylate/urethane graf t/copolymer , 
where the HEMA is introduced in the reaction mixture after 
finishing the preparation of the urethane prepolymer. 

There were charged to a two liter fourneck round 
bottom flask, equipped with a thermometer, mechanical stirrer 

15 air condenser, dry air or nitrogen blanket, dropping funnel 
and heating mantle 547.6 grams of 4 , 4 1 -methylene bis(cyclo- 
hexyl) diisocyanate, 597 grams of a polypropylene glycol 
having a hydroxyl number of 55.6 mg KOH/g, 338.4 grams of a 
polypropylene glycol having a hydroxyl number of 111.4 mg 

20 KOH/g and 55.4 grams of dimethyl ol propionic acid. 

The mixture was mixed during 10 minutes, where- 
after 0.2 g dibutyltin dilaurate as catalyst was added. There 
after the reaction mixture was heated to 55-65°C, which tem- 
perature was increased by the exothermic reaction to 95°C, 

25 kept at 95°C for one hour to complete the reaction and sub- 
sequently cooled to about 60°C. At this temperature, while 
stirring the reaction mixture, 20.4 g of 2-hydroxyethyl 
methacrylate was added dropwise. The reaction mixture was 
then stirred and heated at a temperature of 60°C (± 2°C) for 
30 2 hours. 

To this mixture were charged 41 g of triethyl- 
amine, as neutralizing agent, dissolved in a monomer blend 
of 100 g of methyl methacrylate and 300 g of N-butylacrylate 
and reacted for half an hour. After this reaction the 

35 acrylate terminated urethane prepolymer , thus obtained, was 
cooled to about 30-4 0°C. 

In a comparable equipment under a nitrogen 
blanket (or other inert gas) 296.1 g of the prepolymer, thus 
obtained, was added over a period of one hour to a reaction 

40 mixture containing 619.6 g of demineralized water and 67.3 g 
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°f sodium lauryl sulphate (solids content 32%) at „ k° 167 ^88 
temperature. Immediately after finis . 
feedino s * * „ „ finishing the prepolymer 

Reding 6 .5 g of hydrazine monohydrate was added to\L u 
tamed dispersion. This mixture was reacts / 
5 whereafter 2 1 e of nni-» ■ rea ^ted for half an hour, 

* 9 ot potassium persulnhat-P -> 
sodium bicarbonate, dissolved L 52 3 a J 9 ° f 

water, were charged. 9 * "^""altzed 

The reaction mixture thnc ft k t • 
to about 90»c at whi.h <- obtained, was heated 

10 - ^ .etba^a te a dlaTsTo: ""T" " 5 

-re added over a period o£ ^ h L r ° IZlllZTT^ 

- solids content 

- pH 40.20% 

8 

- Brookfield viscosity (25 °c) 

- free monomer content rc-Pa.s. 

- coagulum content 0-50% 
20 0.15% 

tetrahydrofur::: rT^^ ^ ^ ^ 
not extracted ^ °* 

not extracted acrylate compounds l t l al np» t f 
25 monomers a value of about 50% was I acrylate 
ablate » onoiners I ^ L° ^a?" f 

terminated urethane polymer. aCrylate 
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Storage stability 
- Freeze-thaw 

(7 cycles 8 hours -20 °c 

and 16 hours 20 °c) 

very bad 



- at 4°C 
(7 cycles of 16 hours 4 °c 
and 8 hours 20 °C) 

35 »+• bad 

- at room temperature (4 weeks) • onnA 

" at 52 -c (4 weeks g °° d 

0 good 
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EXAMPLE II (Comparative example): 0167188 

Herein the polyurethane dispersion and the 
acrylate polymer are prepared independently and then they 
are mixed. 

The procedure of this preparation is more or less 
comparable with comparative example I. 

There are the following modifications: 

- diisocyanate: isophorone diisocyanate 

- the urethane prepolymer was diluted with N-methyl- 
pyrrolidone 

- the urethane prepolymer was dispersed without an emul- 
sif ier. 

Components for the urethane prepolymer preparation: 
N-methylpyrrolidone 200.0 
isophorone diisocyanate 708.5 
polypropylene glycol (OH= 56.0) 768,5 
polypropylene glycol (OH=110.0) 442.2 
dimethylol propionic acid g 0 .6 
dibutyltin dilaurate 0<2 

2200.0 g 

To 2,200.0 g prepolymer are added 33.3 g of 
2-hydroxyethyl methacrylate and heated to 50-60°C, followed 
by cooling of the acrylated prepolymer after 2 hours reaction. 

Components for dispersion and extension; 
prepolymer 676.4 
triethylamine 23.8 
hydrazine monohydrate 28.1 
demineralized water * 1071.7 

2000.0 g 

Components acrylate polymer preparation: 
demineralized water 1064.3 
ammonium persulphate ^ -j 

sodium lauryl sulphate (32%) 54.4 
N-butyl methacrylate 6 50.7 

methyl methacrylate 228.9 

2000 .D g 
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acrvlata f ° r mixin * ^ PUR-dispersion with the 

acrylate polymer: 

PUR-d i spe r s ion 

4 9 9 8 

acrylate polymer 

ri^m- , . 1084.9 
aemineralized water 

415.3 
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ture; 



2000.0 g 

Specifications PUR-polyacrylate physical mix- 



35 



solids content 
PH 

Brookfield viscosity (25°C) 
free monomers content 
sediment content 
Soxhlet extraction 

Film formation: 
- minimum film formation temperature 
" a Ppearance 



Film properties; 

- structure 

- Kfinig hardness 

- Resistances: 
water 
toluene 
acetone 
ethanol 

N-methylpyrrolidone 

- Storage stabilities: 

- Freeze-thaw 

- at 4°c 

" at room temperature 

- at 52°c 



35.5% 
8.4 

15.0 m.Pa .s . 
0.05% 
0.03% 

3% residue 
on total input. 

20°C 
clear, 
colourless , 
smooth 

brittle/ 
very breakable 
93 sec 

moderate 
bad 

very bad 
very bad 
very bad 

very bad 
bad 
good 
moderate 
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EXAMPLE TIT G"I67188 

There were charged to a two liter four no u 

b ° tt o„ f ...... equlpped „ lth . therwer _ :i:z::t;™i 

air condense, ary air or nitrogen blanket, dropping CI" ' 
S ana heating mantle, 5 5,.| g of 4,4 .-methylene Ms ,cyc ^L, 

to 95 C at temperature 18.5 g of 2-hydroxyethyl meth- 

acrylate „e_-e added dropwise over a period of oL Zl Z „ 
-pre was *e pt at this temperature for another h 
• «nd subsequently cooled down to 60-c. The Desmodur w'-„ EM T 

! n= " C ! hSa r- he £011 °» i ^ -"Position « G P C pea, area ratLT- 
Qesmoaur K HEKA:HEKA/Desmodur K /HEMA = 90:10. 

To this nix ture we re then charged 603.9 a of a 
poypropyle.e glycol having a hydroxy! number of 55.6 mg KOH/g 
3 of a polypropylene glyool having a hydroxy! number of 

11, mg KC^g and g of dimethyl propionic aci^ The 

fixture was mixed during 10 minutes, whereafter 0.8 , o« 
oibutyltin iilaurate as catalyst was added 

65 C, wh_ch temperature was increased by the exothermic 
reaction to S5°C, keot at Wr- -f™ .. mc 
w Kept at 95 c for one hour to complete the 
reaction and subsequently cooled to 60 »c. 

To this fixture were charged 46.5 g of triethvl- 
amine, as neutralizing agent d«mi,„i • 
- f „, . . v , agent < dissolved in a monomer blend 
of 92.4 g c= methyl methacrylate and 277.2 g of B -butyl 
Methacrylate, which mature was reacted for half an hour and 
subsequently cooled down to 30-40'c. 

In a comparable equipment under a nitrogen (or 

obtel 7" 3351 tlanket 316 - 3 Prepolymer, thus 

obtained, were added over a period of one hour to a reaction 
mixture chaining 530 g of demoralized water and Ts l 
of sodium leurylsulphate (solids content 32% , at ambient ' 
temperature. Immediately after finishing the prepolymer 
feeding 6.6 , of hydrazine monohydrate were added to the 
obtained diversion. This mixture was reacted for half an 
hour whereafter 2.3 g of potasslum 
m 624.6 g cf demoralised water, were charged 

The reaction mixture, thus obtained was heat.* 
to about 90<C under nitrogen ,or another inert gasTatL 
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sphere, at which temperature a monger blend of 116 9 Q of 
methyl methacrylate and 350.6 g of N - butvl ° 9 ° f 

added over a period of one hour, wherL ter th T 6 

the f oli: w «" °-in e d, 



10 



15 



20 



25 



30 



35 



- solids content 

- pH 

- Brookfield viscosity (25 °C) 
free monomer content 

- coagulum content 

- Soxhlet extraction 



Storage stabilities: 

- Freeze-thaw 

(7 cycles of 8 hours -20 °c 
and 16 hours 20 °C) 

- at 4°C 

(7 cycles of 16 hours 4 °c 
and 8 hours 20°C) 

- at room temperature (4 weeks) 

- at 52 °c (4 weeks) 

Film formations 

- minimum film formation temperature 

- appearance 



Film properties: 
- structure 



- K6'nig hardness 

- Resistances: 
water 
toluene 



39.6 % 

7.47 
86 m.Pa.s. 
0.20% 
0.04% 
76% residue on 
total output, 
(corresponding 
with 76% acrylate 
on acrylate input) 



very bad 



bad 
good 

very good 

<18°C 
clear, 
smooth , 
colourless. 

tough , 
flexible, 
not elastic 
60 sec 

bad 
bad 
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acetone , 

moderate 

ethanol 

good 

N-methylpyrrol idone bad 
EXAMPLE IV 

5 The procedure was identical to example in ; the 

urethane polymer, however, was based on isophorone diiso- 
cyanate . 

Components for the partiaUy acrylated urethane 
prepolymer (given in grams) : 
10 isophorone diisocyanate 486.7 

2-hydroxy ethyl methacrylate 18<9 
polypropylene glycol 

(OH = 55.6 mg KOH/g) 648>8 
polypropylene glycol 
15 (OH = 108.7 mg KOH/g) 3917 

dimethylol propionic acid 69>1 
dibutyltin dilaurate 0 ' 8 
triethylamine 7 4 

methyl methacrylate 94<2 
20 N-butyl methacrylate 282 4 

2000.0 g 

The isophorone diisocyanate-HEMA adduct had the 
following composition (GPC peak area ratio) : 
IPDI/HEMA:HEMA/IPDI/HEMA «= 95-5. 

The prepolymer thus obtained was dispersed and 
extended comparably to example III. 

Components ( in grams) : 

prepolymer 295>6 

hydrazine monohydrate 5 5 

30 sodium lauryl sulphate (32%) 48>9 

demineralized water 4g2 3 

842.3 g 

Also according to the procedure, described in 
example III, this aqueous acrylate terminated polyurethane 
35 dispersion was copolymerized with acrylate monomers, com- 
ponents d n g rams ) . 



25 
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acrylated PU-dispersion 
methyl methacrylate 
N-butyl methacrylate 
potassium persulphate 
demineralized water 
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842.3 
122.6 
367.7 
2.7 
664 .7 



2000.0 g 

The aqueous acrylate urethane graf tcopolymer 



finally obtained, showed the following specifi- 
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dispersion 
cations : 

- solids content 

- pH 

- Brookfield viscosity (25°C) 

- free monomer content 

- coagulum content 

- Soxhlet extraction 
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39.6 % 

7.6 
28 m.Pa.s. 

0,15% 
<0.02% 
88% residue 
on total input, 
(corresponding 
with 88% acrylates 
on acrylate input) . 



Storage stabilities: 

- Freeze-thaw 

- at 4°C 

- at room temperature 

- at 52°C 

Film formation: 

- minimum film formation temperature range 23-25 °c 

- appearance , 

clear , 

colourless, 
smooth . 



very good 
very good 
very good 
very good 



Film properties; 
Structure 



K6nig hardness 
Resistances 
water 
toluene 



tough , 
flexible, 
not elastic 
86 sec 

good 
good 
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acetone good 

ethanol „^ . 

good 

N-methylpyrrolidone good 
EXAMPLE V 

The procedure was comparable with example in 
The following modifications are introduced: 

- Diisocyanate: isophorone diisocyanate 

- In the acrylic part acid functionality was incorpo- 
rated via copolymerization of a slight amount of metha- 
crylic acid: 5%, by weight, on the total amount of monomers. 

- The copolymerization was initiated by the addition of 
ammon^m persulphate to the acrylated PU-dispersion , cumene 
hydroperoxide to the acrylate monomers to be introduced and 
by use of an independent reductor feed of i-ascorbinic acid. 

- The acrylate monomers were metered in one hour at 
70-75 ; C, followed by a post-reaction of half an hour at 
75-8C c C. 

- For the copolymerization an additional emulsifier was 
added; alkylphenoxy poly (ethylene-oxy) ethyl mono- and di- 
esters of phosphoric acid, commercially available under the 
name Gafac RE-610®. 

- After the copolymerization the pH was increased to a 
value of about 8 by means of diluted ammonia. 

25 Components for the acrylated urethane prepolymer 

(in grams) : 

isophorone diisocyanate 486.7 

2-hydroxy sthyl methacrylate is.g 
polypropylene glycol 

(OH = 55.6 mg KOH/g) 648 . 8 
30 polypropylene glycol 

(OH = 108.7 mg KOH/g) 391.7 

cimethylol propionic acid 59,1 

cibutyltin dilaurate 0 .8 

"txiethylamine 7 4 

35 methyl methacryla-te 94.^2 

H-butyl methacrylate 282.4 

2000.0 g 
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The prepol^er, t hus obtained wag 01 671 
extended co.parably to example in. dls P^ Se d 

Components (in grams) : 
Prepolymer 

5 hydrazine monohydrate 295 ' 6 

sodium laurylsulphate (32%) 5,5 

demineralized water 48,9 

.,492.3 

°«<3e is aac« ,t 70-75 -r a Z ^ CMene ^rop^- 

Components (in grams) • 
acrylated PU-dispersion 
ammonium persulphate 
Gafac RE-610 (100%) 
demineralized water 
N-butyl methacrylate 
methyl methacrylate 
25 methacrylic acic 

cumene hydroperoxide (80%) 
iso-ascorbic acid 

- solids content justing the pH on about 8 = 

- pH 39.4 % 

- BrookfieiJ viscosity (25 » C ) ? " 8 

- free monomers content 15 Itl,Pa - s - 
35 - coagulum content °' 16% 

• " Soxhlet extraction 0,021 

89% residue on 
total input 
(corresponding 
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Storage stabilities: 

- Freeze-thaw 

■ at 4°C 

- at room temperature 

■ at 52°C 

Film formation: 
minimum film formation temperature 
appearance 

Film properties: 
structure 

Konig hardness 

Resistances : 

water 

toluene 

acetone 

ethanol 

N -me thy lpy r r o 1 idon e 



acrylates on 
acrylate input) 

very good 
very good 
good 

very good 

range 24-26°C 

clear, colour- 
less, smooth. 

tough, flexible, 
not elastic 
90 sec 

good 

moderate 
good 

moderate 
moderate . 



EXAMPLE VI 

The procedure is comparable with example III. 
The following modifications are introduced: 

- Diisocyanate: isophorone diisocyanate . 

- In the urethane prepolymer preparation it is started 
from a polyester instead of a polyether combination. 

- For the urethane prepolymer preparation 10% N-methyl- 
pyrrolidone was required in order to reduce the viscosity. 

- In the copolymerization the acid incorporation, ini- 
tiation, reaction temperature, reaction time, the use of an 
additional emulsifier and the pH increase were the same as 
in example v. 

• The post-reaction was carried out with 17% of the 
cumene hydroperoxide and 25% of the i-ascorbic acid amount: 
half an hour at 75-80°C. 
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150.0 
59.4 
0.7 

262.5 
87.5 
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Components acrylated urethane prepolymer ore- 
paration < in grams ) : * 

isophorone diisocyanate , Q . , 

_ . , 394.6 
-hydroxy ethyl methacrylate 15 4 

polyester (adipinic acid/1 ,6-hexanediol/ 

neopentyl glycol OH & Ac = 59.3) , 029.6 

N-methylpyrrolidone 

dimethylol propionic acid 

dibutyltin dilaurate 

N-butyl methacrylate 

methyl methacrylate 

2000.0 

F ° r the is °Phorone diisocyanate-HEMA adduct the 
following coinpositicr. was found (GPC peak area ratio) • 
15 IPDI/HEMA :HEMA/1PDI, HEMA = 95:5. 

The prepolymer was dispersed and extended 
according to example III. 

Components (in grams) : 
prepolymer 

™ 300.8 

20 triethylamine 

, . 6.6 
hydrazine monohydrate 4 g 

sodium laurylsulphate (32%) 47 * 5 

demineralized water AC ^' r 

457 .6 

817.3 g 

25 Components copolymer ization (in grams) • 

acrylated PU-dispersion 817.3* 

ammonium persulphate 1 * 

N-butyl methacrylate 226$ 

methyl methacrylate 223 A 

30 methacrylic acid 

it) . 5 

cumene hydroperoxide (8 0%) 4 Q 
iso-ascorbic acid 
Gafac RE-610 (20%) 

demineralized water „ " 

35 * _ 

"2000.0 g 

The urethane acrylate graftcopolymer had the 
following specifications after adjusting the pH on a value 
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- solids content 

- pH 



10 



38.2 % 
7.6 

- Brookfield viscosity (25°C) 12 m.Pa.s 

- free monomers content 

- coagulum content 

- Soxhlet extraction 



Storage stabilities 

- Freeze- thaw 

- at 4°C 



0.40% 
0.02% 
87% residue on 
total input. 



good 
good 

" 31 te *P erat ^ very good 

very good 



- at 52°C 

Film formation 



- minimum film formation temperature range 39.44 °c 

- appearance 



Film properties 
20 - structure 



- K6nig hardness 

- Resistances: 
water 
toluene 
acetone 
ethanol 



clear, colour- 
less, moderate, 
pinholes . 

slightly break- 
able 
92 sec 



very good 
moderate 
good 
bad 

N-methylpyrrolidone moderate. 
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EXAMPLE VII 

The procedure is comparable with example III. 
The following modifications are introduced: 

- Diisocyanate: isophorone diisocyanate . 

» Coupling agent: 2-hydroxyethyl acrylate 

- Reaction temperature adduct preparation: 50-55'c 

- The acrylate part was composed as follows: styrene/ 

^ !! haCrYlate/niethyl methacrylic acid . 

43.6/48.9/2.5/5.0 (in %, by weight) . 
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" For the copolymerization an additional emulsifier was 
added; al kylphenoxy poly (ethylene-oxy, ethyl mono-and diesters 

acid ' c ™ ny — - — 



5 - After the copolyn.erization a post-reaction was carried 

out wxth cumene hydroperoxide and iso-ascorbic acid ' 
an additional amount of sodium lauryl sulphate was added Re- 
action temperature 60-65°C, reaction time half an hour ' 

- The pH of the copolymer was adjusted to a value of 8 
10 by means of diluted ammonia. 

<in graras)! C ° mP ° nentS f ° rthe ethane prepol^er 

isophorone diisocyanate 48g ? 

2-hydroxyethyl acrylate 17 * Q 

15 polypropylene glycol (OH = 55.6) 647 * 4 

polypropylene glycol (OH = 198.6) 396> " 9 

dimethylol propionic acid 6g ' 5 

dibutyltin dilaurate 0 " 

N-butyl methacrylate 284 ' 1 

20 methyl methacrylate *„ 

94 .6 

2000.0 g 

For the isophorone diisocyanate-HEA adduct the 
following composition was found (GPC - peak area ratio) • 
IPDI/HEA:HEA/IPDT/wr;A = 0^.7 



30 



IPDI/HEA:HEA/IPDI/HEA = 93:7, 

Components for the dispersion and extension of 
the urethane prepolymer (in grams) : 

prepolymer rMr . „ 

. , 646.8 

triethylamine 

. , 17-7 

hydrazine monohydrate 4 3 

sodium laurylsulphate (32%) 1097 

demineralized water AO \ 

48.2 

826.7 g 

Components copolymerization (in grams) • 
acrylated PU-dispersion co/ - " 

-c oit>,7 

J3 ammonium persulphate 2 ? 

N-butyl methacrylate , * 

styrene 

232.2 
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methacrylic acid 2fi 
Gafac RE-610 e (20%) 
sodium laurylsulphate (32%) 
cumene hydroperoxide (80%) 
iso-ascorbic acid 
demineralized water 



76.4 
1.7 
1 .3 
1.1 
610.9 



2000.0 g 

° btained a <3 ueo » s urethane acrylate dispersion 
had the following specifications: 
10 " solids content 

- PH 

- Brookfield viscosity (25 °C) 

- free monomers content 

- coagulum content 
15 " Soxhlet extraction 



20 



25 



30 



Storage stabilities: 
Freeze-thaw 
at 4°c 



39.6 % 
8.0 

43.0 m.Pa.s. 
0.08% 
0.02% 
91%, residue on 
totale input. 



good 
good 

- at room temperature good 

- at 52°C 

good 

Film formation: 

- minimum film formation temperature range 22-30 °C 

clear, a little 
yellowish, 
smooth . 

tough, flexible, 
not elastic 
8 0 sec 



- appearance 



Film properties: 
- structure 



- K6"nig hardness 

- Resistances: 
water 
toluene 
acetone 

35 ethanol 



good 

moderate 
moderate 
good 

N-methylpyrrolidone . 

moderate. 
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The procedure is comparable with example III. 
Modifications : 

- Diisocyanate: toluene diisocyanate . 
Coupling agent: tertiary butylamino-ethyl 

methacrylate (TBAEMA) . Reaction temperature .adduct pre - 
paration :25-30 °C . 

- The initiation, reaction temperature and reaction time 
in the copolymerization were the same as in example V. 

- The following post-reactions were carried out: 

a. with 501 of the indicated amount of ammonium 
persulphate; half an hour reaction at 90°C. 

b. with sodium sulphoxylate formaldehyde and tertiary 
butyl hydroperoxide; half an hour at 6 0-65 °C. 

Components for the acrylatec urethane prepolymer 
preparation (in grams) : 

toluene diisocyanate 4 07 6 

tertiary butylamino-ethyl methacrylate 29 . 0 
polypropylene glycol 

(OH = 55.6 mg KOH/g) 688.5 , 
polypropylene glycol 

(OH = 108.7 mg KOH/g) 422.2 

dimethylol propionic acid 73 9 

N-butyl methacrylate 284.2 

methyl methacrylate 94 g 

2000.0 g 

Composition TDI -TBAEMA adduct: 
TDI/TBAEMA : TBAEMA /TDI /TBAEMA = 88:12 (GPC peak area ratio). 

The prepolymer was dispersed and extended in 
accordance with example in. 

prepolymer 2g4>8 

triethylamine _ 0 

7.8 

hydrazine monohydrate 4 9 

sodium laurylsulphate (32%) 48 3 

demineralized. water 48g 3 

834.1 g 
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Preparation copolymer (procedure 
example III) . 

&crylated PU-dispersion 

anunonium persulphate 

iso-ascorbic acid 

cumene hydroperoxide (80%) 

N-butyl methacrylate 

methyl methacrylate 

sodium sulphoxylate formaldehyde 

tertiary butyl hydroperoxide (79%) 

demineralized water 

Specifications urethane acrylate 

- solids content 

- PE 

- Erockfield viscosity (25 °c) 

- free monomers content 

- coagulum content 

- Soxhlet extraction 

Storage stabilities: 

- Freeze-thaw 

- at 4°c 

- at room temperature 

- ar 52 °C 

Film formation: 
~ min ^m film formation temperature 

" appearance 
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according to 

834 .1 

2.2 

1-6 

3.4 
763.7 
121 .2 

1 ,1 

1 .5 
671.2 



Film properties: 
structure 

KSnig hardness 

Resistances: 

water 

toluene 



2000.0 g 

dispersion: 
37.8 % 
7.0 

12.0 m.Pa.s. 
1.3% 
0.02% 
86% residue on 
total input. 

very bad 
bad 

moderate 
moderate 

<20°C 

clear, slightly 
yellowish, 
smooth . 

tough, flexible, 
not elastic 
50 sec 

moderate 
good 



- 35 - 



acetone 
ethanol 

N-methyl pyrrol idone 
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good 

moderate 
moderate 
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Claims : 

1 . A process for preparing aqueous dispersions 
of urethane-acrylate graf tcopolymers , characteri- 
zed in that 

a. a polymerizable acrylate, containing at least 
5 one active hydrogen atom, is converted with a diisocyanate 

into an essentially monoacrylated diisocyanate adduct, 

b. the thus obtained adduct together with other 
polyisocyanates is converted with an organic compound, con- 
taining at least one active hydrogen atom and one organic 

10 compound containing at least one active hydrogen atom and 
a group, which is capable to form a salt group, 

c the thus obtained prepolymer is neutralized 
and is dispersed in water, immediately followed by the 
addition of a chain extender under obtaining a chain-extended 
15 acrylated urethane polymer dispersion, and 

d. the thus obtained dispersion is used in an 
emulsionpolymerization under obtaining a stable aqueous 
dispersion of urethane-acrylate graf tcopolymer. 

2. The process according to claim 1, c h a- 
20racterized in that the conversions in a. and b. 

are carried out in a dry atmosphere and at a temperature of 
about 0-130°C and about 50-130°C respectively. 

3. The process according to claim 2, cha- 
racterized in that the conversion in a. is carried 

25 out at a temperature of about 20-100°C r and in b. at a 
temperature of about 80-95°c. 

4. The process according to claims 1-3, 
characterized in that as active hydrogen atom 
containing polymerizable acrylate one uses acrylates which 

30 contain at least one -OH, -SH, >H or -NH, group. 

5. The process according to claims 1-4, 
characterized in that the adduct in a. is pre- 
pared by converting a diisocyanate with a hydroxy-acrylate 
in a NCO.-OH equivalent ratio of 2:1 to 30:1, whereas the 

35 conversion in b. is carried out at a NCOrOH equivalent 
ratio of 1,2:1 to 2,5:1. 

6. The process according to claim 5, charac- 
terized in that the conversion in a. is carried out at 
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: s N c c a 0 ; r °L: ati : ° t f 10:1 to 3o:i ' whereas the — * b . 

° arried ° ut at a N CO:OH ratio of 1,6:1 to 2,3-1 
r a c t e r I' ^V™"" aCCOrtia * to claim. 1 - 6, c h - 

5 the Lit V " e9UiValent Weight baSed «„ 

the salt fornxng -group in b. is less than about 6000. 

8. The process according to claim 7, cha- 
racterized in that the equivalent weight i s 
about 200-5000. 

9 - The P roce ss according to claims 1 - 8 c h a 
10 r a c t e r i 2 e d in ^ ^ con ^ h J'J^'" 

out whether or not in the presence of a catalyst. * 

10. The process according to claim 9, c h a - 

o-" L thV ' 2 S ' ^ C — ^ ^ b. is carried 

o^. in the presence of a catalyst. 

^ r a c t e r ^ aCC ° rdin5 t0 ^ 10 < c * a- 

c t e r , 2 e d in that the catalyst is present in a, 
amount of about 0,001-0,1 %, by weight. 

12. The process according to claim 10 or 11 

20 an oraano ° ! T * " " * * * 55 Catal * St « ^e'or 

• 20 an organo metal compound is used. 

13. The process according to claims 1 - 12 

characterized in that the prepolymer as pre- 
pared „ b . is diluted w±th one or P 

compounds under obtaining a prepolymer viscositv of 
25 10-10.000 mPa.s. " ' 

14. The process according to claim 13, c h a- 

6 r 1 2 6 6 * that 35 P^^^able compound an 
aery late monomer is used. 

30 r a c t • - 5 * ^ Pr ° CeSS aCCOrdin 9 to c1 "^ 1 - 14,c h a- 
carr ! * " " * *" »~t»li»tl« in c. is 

earned out at a neutralization percentage of about 50-130% 
on equivalent base. 

16. The process according to claim 15, cha- 
racterized in that the neutralization is carried 

35 - ^rectly in the P re P0 l ymer , followed fay 

17. The process according to claim 15, cha- 
racterised in that the neutrali zatlon iB carried 



out during the dispersion of the prepolymer in a Voltl,^ 
neutralizing agent in water. 

18. The process according to claims 15 - 17 

5 I t "J " ° t S r 1 2 G d ±n th3t " ne ^rali zing agent 
5 a tertiary amine is used. 

19. The process according to claims 1 - 18 
c h. a r a c t e r i z e d in that in c< as chain _ extender 
compouna having at least one active hydrogen atom is used 

10 Zt the ; ogen atom should be more reacti - 

10 whan tne hyarogen atom of water. 

20. The process according to claim 19, cha- 
racterized in that as chain-extender a primary 
organic amine or a secondary organic amine is used. 

K 21. The process according to claim 19 or 20 

° 3 r \ C * 6 r 1 2 6 ' ^ th3t the ^ iv *l«t ratio' 
oe^een NCO-groups in the prepolymer and the active 
hyarogen atoms in the chain-extender is less than 2:1. ■ 

22. The process according to claim 21, c fa a- 

-in^ ^ ***** ^ bivalent ratio is 

1 ,0:1 to 1 ,8:1. 

23. The process according to claims 1 - 22 
loV'J C * e r 1 2 * « in that the acrylated urethane- 
polymerdxspersaon obtained through chain extension in c 
has a solids content of about 20-80 %, by weight. 

24. The process according to claim 23, cha- 
racterized in that said dispersion has a solids 
content of. 30-40 %, by weight. 

25. The process according to claims 1 - 24 

3- Ltion"- 3 ! * 6 1 1 2 6 d ^ that the emulsion polymeri- 

V" °" 18 CarriSd ° Ut With «-/or a 

related monomer. 

26. The process according to claim 25, c h a- 

carrM S ! i 2 S d ^ that emuls ^ polymerization is 
carr.ec out by the use of a conventional technique, with 

; r e :: pressure and vhether « ^ * ■» 

27. The process according to claim 25 or 26 
characterized in that the solids ratio between 
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the acrylate and urethane content is 95:5 to 5:95. 

28. The process according to claims 1 27 

characterized in that the stable a'' 
1S pers 10n obtalned ta has a solids content J- 

3 70 %, by weight, 

r a e t e r f: ^ T"" aCC ° r,3in9 to ^ 28- e h a- 

to one of tt . precedin9 - ; — 

aspersion arcong other things may be used t „ ^ll 
coatings and printing inks. q S 
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